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Light-emitting diode (LED) manufacturing methods with the desired mechanical properties 
suitable for the manufacture LED layer growth substrate chosen to temporarily {temporary 
growth substrate) includes steps to provide. For example, lattice matching (lattice matching) is 
an important consideration. Then, LED layers grown on a temporary growth substrate, achieving 
high quality decisions, and then the growth substrate can be removed temporarily. Next, the 
wafer using the combined technique combines 2nd floor of the LED board. The two boards 
rather than the mechanical properties are selected for optical properties. 2nd optical transparent 
substrate, and conducting an adult is recommended. Wafer bond techniques 2nd floor, between 
the substrate and the LED in order to achieve low resistance connections are performed. In 
addition, the combination wafer passivation (passivation) or photochemical provide four or 
current flow can be done to define. 
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4°1^(LED) aflS « 0 Vl 3£ «*Rr 71^1^ SAjf LED *o) ^| 2 o|| aj^-Sj-S.^- -yajsl ^A) 2 ! 
temporary growth substrate) £ ^^t}^- cV7l]# ^^r 3j t (lattice matching) #-3-^ 3.3] 

aBH4. n uf^-, led °J.a1^ aj*> ^6)i a^ui^, ^ 13 grAj^Bi, a 4: <3±x\q 7}^ 

T SaCf. 4*. It 71^* °l-g-5H *1 2 7l^# LED #i * 2 7j#£- 7j7fl2i<?l ^ fi.^ 

-8: ^1 2 7]%3\ LED % ^f°l °fl ^ 1* t^* r 7l -^«fl ^€4. at!-, *M»I A >\ «1] °1 £ (passiv 

ation) 3~ g-^Ht ^^.gj-Tl^ #f T j-f--g- 7$&]i}7} ^ ^ 



"r 514. 
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£ 1 

<g7)H 

1 £fe #E)| 7l^ofl itl-s. 7 ]£^ ^ c><y ojf^ LED &*H| tflfV 

7|] 2 £fc ^Efl 71*^ ^ *^ ol^flfl- LED ±*H| cfl*l ^JE, 

7)) 3 Efe f>a| 7]«a«1| 7l#* ftfe o]^ oj^g^. LED i^Hl cflft 

*l 4 Efe * t^ofl ^ LED cfltb ^<SE, 

*ll 5 £tt 7fl 4 £<HH 7}3$;-§r LED ^2:21 

*)] 6 Efe *Ms| 7l^-a- ^i 1 ^"?] 7l4-£- 7)1 5 £2} LEDi^ 

7 £^ <9=<3o|| *l^-g- 5fe 7)1 6 5LSH LED ^2} 
7)1 8 Efe- ^.^-0)1 21S)1 7fl2;^l IE cfs. LEDS1 ^"S-E, 

*ll 9 E^ ©I ^1 ^ 7l?H ^ 4 co] ^o)) jjL^J ^|] 3 ^Alo)l5l ^S., 

7)1 10 £r 31°]2] ^th 7l^ol ^1-71 7)1 5 £°) LED ^ofl Jf^-sl 5E nfs. ^Ulo)12| 

7fl 11 £fe <Ws| 1^ 7l^o)] oigfl 0) el (mirror) °11 7)) 5 £21 LED ?2lS<\ ^E, 

*1) 12 E-b ajf^ LED 2] ^E, 

7fl 13 ifl*l 17 Efe- 4fl°l^ aflB^s) #4§-g r oj^fe LED ^igE, 

*ll 18 £fc £ t T 33 ^7fl#-a- ^*Js r 7] 21*V fllolal xj-^i^ 

7)1 19Efe 7)1 18 51 3-*l2l a^-fr 21*1 H5.s r 0 P I^l 

H 20 Efe- * #7fl*-fi- ^*Js>7l 21*1 £ ^is] 7flBf5L, 

7fl 21 E * 711 22 Eb *1| 20 512) ^2 r A r -g-S r 7l $l?r ^fls] #°1 ?> ^^Hll-gr EAjsl E pj. 
SL^2l -f-^-ofl tfl$ ^2) 43 

32, 34, 36, 38 : LED # 40 : LED ?S 

44, 46, 154, 156 : ^ 56, 58 : ^ ^# 
60 : 74 : Aj-tL ? i^l 
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76 : 33 33 126 : 3l)tH^3 3£*11 $o)b\ 

142 : i£ oflHle] 84, 86, 96, 98, 116, 118 : 3"3 3*fl 

90, 100 : 3H ?! 92 : 333 

94 : 33 3*1 102 : SkS.3 

3"<H 33-":- 7)3 -l 3o>2) f-H|)7]£- 

3 3^3 333-°-S 33 t} 0 !.^ (light emitting diode; LED)ofl 33 3 O-S, ic|- ^Sfl3 o.Si-. ig-jg. cfo] o^c 
Si 3>iHl 33 

LED^r 433 33 33°fl Af-g^c)-. o^lfl. -g-ig, x^-s). tflolEi ^^ofl flo^. LEDfe 3i33 ?13«-* 34 tflojE^ a] 

£3 a.iflt-ifl 01-8-34. 



N 6 l*14fe- 33 LED^ ^JisMl 33?! 3^3 A 3333 3 330. 33 3a).s)-4. ^ x^-o) 

333 333°)3. 33 3*fl LED21 LED 33 ^^^^4 3£ oflu)*) ^ (energy gap) 3 5fe 

333 333 ^13 (optically absorbing substrate) $M Ajxj-^ic)-. o] 7] 33 33 °j°3o|13 335)3 #2} 2)3-1 
*^-*rS.S. LED ±z\SH 5.%*} #±$\r±. ^sfl 7 }^] 2)3 32J 3*3^ (single heterojunction type) 3333 
33 3 £ (aluminium gallium arsenide; AlGaAs) LED2) <%7\ 3 1 £°fl £a|£)<>| o)uf. p AlGaAs^l i 2 ) 

^3 (epitaxial layer) (10)4 n - 5L*§ «g AlGaAsSl <H| sf] Bj^* (12 )o] p . E ^ ^ GaAs 7)3(14) 2) X 3 2M 33 
sic}. oflTrjEfl^^iop]. ^(12)°1 3= ^ £ oil 51*11 3°) ^ 0]r q. 3^ 713(14) 

21 °)1 M xi Hj-f. ^xii!} ^7) iflg-ofl. 333714 7)^(14)* 3*11 oi-ais M)3 343 33 333 ^°13. 



*| 2 H3 £33 713(16) flSl ol* ©l#3tf AlGaAs LED* J&3$ 74 o) c}. n - £3 AlGaA s 2) i 3] ^3^(18) 
4 3 71)21 p-5L3^ AlGaAs^l #(20 ^ 22) o] 333 7 13(16) 3°11 3334. °fls] «i3#(18 - 22)21 "ffll=7j(ba 
ndgap)3 333(active layer) (20) tflofl #o) 33s)<3 3^sjo) °}o) 6flBl^^^(i8 ^ 22)3 343J23 

3. ^4, 7l 3(16) oil Ait- 3©1 13-33. 

LED 33 ^23 0) ^ oflui^l Ji3 s oflujx) 7|£ 1=4^ 7 |^g. AV-g-s}^ ^^-o] Sj:A o Vsj ^- 014. 

21 33 3# 3°1 51* 3^133. i*lsl, 3* f-33 7133 ^33^ 332) ^-3 =S 31- (metal 

adhesive) ^ 33^ (reflecting cup) «L3.-»M 3333. 33, 333 33 ^(chip)2l eq x|uf 335_3Ei 3t-5) 

ol LED2) H3-2- 3^aj 33 A 133. 



33 A j 7)SJ.# LED 21 7]1S 3^ CLS-fe- c^Ei 7>7l 7 ]igo] 514. 51 7) "13 33 A d 7] ^ ^ofl p-n ^133 0|| 

3©!3 3333^:- 5Jol3. ^=13, 3 3$ 4^3 3^U 3fe ^fe 33 333 ^3 33(iattice matchin g )oi 3 
333 5H3 33^ led ofl3|«!3#oi ^3 Aj-^oi) 44 ^-3x14. ^h}^ 7)^3 33°ll ^sifc- 7) 
3 LED 0)13101333 ^3*1*13 T^ojc]-. ^f. s.b3_ Til 3 i^-H n-£^)^ f-3^ 713(24)4 p -e^ 31s] 
^33(26 ^ 28)3 £7-15)7) &3 33 A d 7)3 2)ofl o))ir)EHA| a^a)33. 34^ " W (24)3 ^3 333 33 
3 7)3 $H 75y ma.3 3^13 37)121 333 o.s j^^oiji, ^^oj ^eb^-a /§#/.]f]& y^o\] sum 5<0a€ 
3. n 33, 33 3(26 S 28)3 °ll5l E J|3 " 713" (24) flofl 7jxj. A | 7]jl ^7134. 
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°l fi > 44, a.4 444 444 " 71^(24)" 44<Hl .S.4 #(26 5 28) «1 444 4 44. 



444 f-44 44 LED4 ^fla ji-^-o) 440.5. -ysfl 44-g~§- 3^4. % 4*1)3., 444 AS. 44 

44:2. ^H^^l " 4-44" " 44" 31 olWg 444 ±4 4:E*ll 7flfi«-°ll tR«B 44 44 7)tf|#* xj-g-l- nfl fl-g. 

4U 4 §144, 314 47>44 ^©14. 4*1)3., 4444:2- 4^ ^4°1l£. " 444" <H144444 

44 444 A44S.3, LED4 444 *11444. 4 44s, S-44 44 2114^-4 led 44, <m«- 44, 44 3-6 

mil 4^4 £4 tftflaj 0. S ^e^l^Dll, g& 44&4 4447} fl^Oj, ^3£7> 44 41-4 44. J£S1 

3)4444 LED al)44 44 3144* 4444 ^o> olsl o.^ -£^4^4. °-o] % 7 }# o|| 3. a] ( si i ver - loaded 
epoky)4 4^4 ±3. LED 4lA> S>Jf£l 4-4- *J 4*0)] 4-§-<fl4. ^44, o] efl^-Alfe- gj=^_ ^0)1^0] o^g. ^ * 
St 444 4A4, *]3. 9m LED7> 444 ^£ 514. HL*1, g}=4 #|<>1B|** 44-E lOmil 4114 444 7R1 4 
°fl 4444 7fl 1 £.4 *|| 2 ESj £444 4 4 4 AS. 444. "14 44 " §)=4" LED44 <H)44 ^Ba oj-ofl 

444 Kfl ^4 JL44 444. 444, 444 44*11 4^4 A}-g-^ nfl SL^i;- ^ §afl7 r t^*> 

4*i 44 44 f-44 £0] ^^o] £4 Aj^j- ^Aldfl^. Ui-Y- Jf-^ja. 4:4 44444 tjjf. §Q=7l ms-44. 



144-^-, 444 444 4^44 1=44 A) 44 4444 4i ^ * (tradeoff) 4 ^44 444. 44 « 

4*£ 7l^<Hl 4E>4 «44 444 LED7> f-44 444 44 LED4 Hi «H n-^tl 7MH SAj^. 7 ^ ^ £ 5|o. 

4, 14^ 7l sji LED-b «Jhv^«.s si-i-ol 44. ^7Vt- ^-4^ 71^121 ©i-g-ofl 21s)) 7>^44, ■Hlsl^-i^-a- 4 

^-s- 7]^. o^ofl Aj^-Alz] Hi) z}a> A^ 4 (lattice mismatch) AS *fl «H 3j -g«fr ^ 

514. -¥-71-4 0.5., Aj-7i a^-^i ^fe. ^-7)-g-» f-^Aj •• 7i?i» 2.1 o|| 34^-3 A^j-Aioflc Ajigsi-Tii ^ 4-- $44. 



7l?lSl <^*j=^ sj- LED ofl 4 «i'i#4 ^4-^ 4^1" 4 c> l£l 4^>7l (Bragg reflector) -g- Aj 

4 A l7ji>.s.^ ^^44 514. y.dU 4A r 7lt- 4*s]t- 4* tW+ln'lj 7l^<».s ifl?- 4a}4 4*- 44 

4 5l 0 l7l ufl-g-ofl ^ol *J^4 J1E^4, U.5113. 4A>7]ir TiSl ^^O^ <$A}t>}^ 4A}4?1 4^°)1, 

44-8: ^f-44 7l4°ll Hl*H ^144°14. 4*1 < aA r z}-AS.-Sr-El ^<H4 44 444^ 44=1*1 Qi- 7144 4444, 
714°Ha1 -S-4-44. 44°1, SEfln 44714 4-b LED-44 7fl27l- 4 4^4^, °lfe 4^^AS. 100A ^£.4 ?-i 
«- 4t- ?* v 4 g]=4 oil 4 31444 44 ^44 -S-^44 



4 4^4 444 8mii4 " 4^4" 444 4444 4314 ^44 ^44 44 LED4 4444 444 44 
4 LED4 4^4 *H44fc- ^44. 

44 444 LED 44 444 4*11 4444 ^44 4^- 4^4, 44*1 444 ^14^^. A d4 A4S14 A 3 
44 444 444 Tfl^Hr 4^°11 4*114 4444. 4444 4aHH1 444, 4 44 44 44 444 3144 4 

4 4^4 4444 LED 44 444t 444 4*1] (transparent menber)44. 4 444 44 LED 44 <^4^^ 

444 4a 444^- led 44 4444 &4 «114 0 fl, 444 444 °fl4^444 4*1 444 4^44 ^4. 



44 444 44 444 44fe- 4414 444 4-b LED 4 a|24| 444 ^flS-S 4#4 44. i# »4, 44 «^ 
444 *S4^ 444 44444 4«fl, 54 *44 44 7fls.7F 441 444. zi 44, LED4 44 °fl 

4^14 (liquid phase epitaxy), 7)4 4|4eBA) ( vapor phase epitaxy), 44 47144 44(metalorganic chemica 
I vapor deposition) ^/24 4Af°J ofl4^4 (molecular beam epitaxy)!- 444 44 444 4*3 4 44 444 
4^4 4444 ^4444. LED 4^4 ®J44^ LED 44 44 444, 44 ^ 44 ^41 4 (confining layer), 
44 44(current spreading) ^ 4 4-44(light extracting layer)4 44 444 444AS. 441 4 4°-4, 

444 4A4 44 444. 
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LED 4^2] t^-EH, #7] $1*1 3 f-T^ ^ 7144 Jlf-^ <H)3lej^#5l <gAj4j- 7 >^-S:>7fl ^f/OS) 

* #3.44. ^ 7]44 LED 4^2] 41- oflv|*l £.4 4?14 Hit- 4-& °)4-H =9* #7] ufl^-ofl Zl AjxV 7 ] 

A)l7lSl4 ^o) 4#*!44. o|2|- 44 o,]d]x| 7J4 44 o^A] A>o]o] rj-^i-. 4,40] £.£.4 A o VuV§| ^4 

* «H3 ^=8" 7R12] 4A B <W ¥-2-4*1 &-°r *K n cfl^SL^ 44*j ofl4 2fl3g/s.el^ (la PP ing/pol 
ishing) , «]:-§- °1 °11 ^' (reactive ion etching) , °] £ H ^ (ion milling) 4 ^>-g-^ 4 51 4. A d # A *2l A £ 

7)44 ^^t- <a^°ii4 s-^t- *i7]4fc- ^ji ^ 514. 



^1 4-§-. 7)1 2 7]4-§- 47] LED 42:°)] fllols] 44*4. Ur^tb -i*HH 51°^, 7fl 2 AH^fe- a) 7 ]3 £*)]5.a1 
4*3o.s «l cl-. 7]44 1^4 ifl. 7 |^..o_ 734 «jAj-*o]c]-, ¥ flo)jfl 7444 LED 4^2] *14¥ 

°m 2|*HHH *8lk <v 514. f^AS, LED i7.Hr LED i4 p-n ^42} aj^sl h1o|o]a| : 0)5)) ojc]-^] 7J44 
£*44 44*1 71*4 *<)## *3 ^^Jf (interface) i^^l aj 44 (resistivity) * ^±s\i}^ %o] 4^ 

44. °J# (indium) -t- £44t" 4*#-§- °1444 7-] 4 (ohmic) 4*j4 oJ^-ufl E-g-ol jcl^f. °Jf- f-n- 4* 

1- °15H1£, £4 S<3 o] 4c (surface mobility) 4, 4-°r ^iS. (diffusivity) ^/Sfe- 4t"4 tfl4 *4( maS s tra 
nsport) 4*3* 4t4°11« ilrol, 44 44 (Hg - bearing) 44-i", 4S.# 44 (Cd - bearing) 444 % o}<£ 44(Z 
n-bearing) 4*#4 4,2.) 4s 444c JHIa)] 4e)) 30]^ o.^, ^.g^ „„ o]a]k-4 ^0)4. 



4*4 D-^] AV-g.4 4^4 4 7H 42.4 3£r t)1* oi^x]^ <£A]q A34 7 }$o) ^ ^ ^o}<&^ led ?£7 r 

^11- lOu ma.tr gj^g. ^ s ^1 ofo].^ ^^| 7 | ^37 4=7l7> OlBlfl^Crfe- ^o]cf. 7fl 2-a*H°H 5tt<H>H. °J 

7-1 ?1 7l*^- LED n L 2:Sl 2l^<Hl tfl«l X)-7l ^] 2 7l^ Jfzl- ^ofln]- ^]7lSl4. A)l 2 71*21 o(|3fl^-g ^^S\ o) 

-§-°l oV>d A 2 7]*2] ^olB] ol-g-sj-ia, ofll- JS-c^, 8mil o1a o vo] o. 7 ]^.cq H^j-o] 7>^-5)7fl ^4. o]^ 

A 2 714-8- ^4Aj 7140.^.7^ 01 /I 4,^4 ^= 4^ ^14 Aj^ §av*c S ^ 4^.4^^ 4 7^4 
7)4 7fl7i 4^14 Aj4 7)40] ^lTlsit- LED =^3l2] *&o\} f-4-a 7142] Ail 2 Alois] ^4 47fl -^oj. 443 

7l7j)3 °>^^-°r <£7} 2)4 ^40.5. a] 4 4444. 44, 7l7flAj 4^Aj4o] ^^.444, A 2 Alois] ^4 47II2) 4 

*$ 4 2 7)4^: A117H4 4 0)4. 



A 0 v 7l Alois] 14 71^2] 7I-4 1-4-7^ 714* ^tj^ji 4^ 7]4-°-S cM4t- ^°|7i 

fe- *>^1?>, <>lfe- ^4. °J7iAj 7^4 7 i4^_ 440] 44 4^4 7)1444 44 44 7 ] 

40J 7^oi4. ois^v 7)44 LED2] jl-I-4 37]| 71)444. 4eM, M4 ^fe- f-4 A j 7|tL°.££l t)l*fl-I- 

fl« °J7i2] 44aj AJ4 7)421 AflTli;- 4,7>2i a^44 44a)4 740)4 0)4 4AI-44 44 ^£^4 ?fe *^-£- 

^-t^^- *t-4-°-5- lfl*|S 5Jo)4. 



B o >i a^ Alois] 1444 ^ v fe ^ &s.q ±7}^ ^^44. - °|] 0 ]u] 444™ 4, 4 $4H4M, If- 
^fe *°1 ^-7^4 44ifl^ 4 stfe 7l4.9-S.A-l Aj 0)^4 0 ]ei4 mAjfij 44^ o)|iq«;>g 3.^4 o)^ 

# 4 (heterointerface) =>)) Hl4°i AJoIje] 7J44 ^44^] ^4 4^44 a) ( misflt dislocation) 21 t)s Aj^ol 

^AS. 40144. ^oiif] ^40] ^4^4 A^44i-_ 45. - 0,1^1 Aio ](edge dislocation) 4 ^]c]xf] 7444 Aj44 

^1 4 i-H 4xJ »17H (Burgers vector)* Sfe olf-^4 Jf^^* 44^rr 4^s1Sa4. 

°lt ^-S- pH- ^£^1 " ^5]1^ (threading dislocation)" , 4, SLTtft ^^-^^l 

a] z± ^44^] 4x14 440.5 Aj4s]i:- ^40) oji-. xjoj^ 44^^ o)is]^-g AJ44 ^7^4 a^444 
ol 4. 
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4 4*33 4€- 44 °H)44 44<H1 4s 4 ^|7H1 aife at xi] i 7 |:g. #-i-oi ^i^Bij^ 7^14 $ 

A 4* ni-V aKESflt- 44 cfl7] 4EW4fe l-o>^*>3. 7 r ^ «-«H (hydrolysis) ofl 3*11 33 2.3. 444 

o}2} 4°- ^31 ^sR:- 444 ^4 44 D 14 4* ni-V ^3l@j^^ IfSj-i; LED°fl cflsfl 4343 4 
^# 4714 ^Jold-. o|^. ij-ol, ^ 3 £ ofl £ a|4 44 44 AlGaAs LED^- Ji* 4443 434 Efl^E ^oj £4 
44^4 2: 4 -§"4 (28) 3 443 44^ *14 6.S 444 ^44 3°14. S3 44fe 3133 44* 44 

4°-S.*] ^^AS 7J-^^ ^ 44. off. 44, 4* 4434 2^1-^(28)3 tflJffrfr 4* 241* 5. 

444 &* 43* 443 4 443 *l£4 ^| 0 jB| ^^6)| rfl*fl4 4 514. 444 ig-^g GaP3 *H*I 4 

44* 444 34(24) Si 44 tfl^i 4*4 ^ 014 a sfl^^l ol 4 (passivation)* 343 $|o|sj 214 7 ) 

•3*4*4* 33 7 r *44. 



4-5 44 °W 5134, 4-E-4 n] &1 (mirror) fe- LED f2:t S44* LED 4°ll 3133 141 * $14. ^ 44, ^ &j 

44-^- 4*4 4* £43 £4 444 343 LED 42°11 44 4444. 4 443°11 5134, 43 43 714 4 

*H* E443 43 nfl*^ nla]fe *}*§*j 7laHl 3*11 4433, 714* **7j 7)4 31* *4 A <3 7]4<y * 5) 

4. 

£4, *H3 14* 3*14 4443 333^ 4741 Si ol , 7i?flaj 434 ^ /a* 33 434 s! 444 $)*H 3*4 
4 514. «*# 14, 444 ni-v 4M 3133 at- sc 3133* 47^ ^xi^. n . VI LED ^453 
4 514. 



a 4^ 44 °fl°fl 434, 3133 44! 3133 5.4# * 33£ 44* 31333 434 443 ^ 

44^1?1^- 4'3 0 il si4°i ^flBi^^ 4 514. i# led^i ^^ofl tflsfl ^aj.^- ^214 

71 ^4 «H°l2l IfN 4^i^1 ti^i4 ^^°11 4^-4 (depression) 1- ^ A j4 4 514. ^<H1 ^14£1t: ^4 4M4, 7\ 
^-4 44*-Sfe LED-H1 *I4-S- ^l^-4°i ^4 °fl D l e) (spot emitter) ^ Tfl^l- Ylf>47ll 4^1 ^^fl^l ^"44 ^4^.5. 

44t- 44 3-i43')fe 514. 44£- 4^-?-^. 4^1 444 44?1 fl|ols»i s^<H) 44 44^1 4^4 
4?lt->^| sflt^4 £4 <>144 4 514 



47)4 44 44 <l°]s) ^.4 ^44fe 44 4^4 7l?fl^ 7 0 v E1 . ^o) 4^-21^4. hv ufla 

t)(van der Waal ' s force) * ^i^^AS 44t" ^4 444 4^4^) ^ofli;- H|jL2 r al o\ 4 Ji ^7^ 

514. 214, n4 ^214 43 *1sM- ^444 44^r ^<8- 444 7HH m4 ^!314 $xn) ^4 4 5l4^r 
s. 4sj^ °J4. 5E4, n4°)l^ 434 7 r 4°i $il°l2l7f ^s]^, hi ^-t)* 4i-# 144^:- 34 «l 



4 41^ «>1^4 444-?-^. <S^7i led^i 7j^ 0 ] ^^cj-fe ^014. ^4 sj-aj-c = 4 $4.3 ^ ^ 
4. 4€- °1^4 ti4c»i 71^-sl 444^1 ^14°fl 44=1^1 4^hs, 7L3 £4^51 8mii °1 

43 4^14 7144 ^44 4 5l4fc 3414. 



7fl 4 £4 43:44, 4 4 r 33 * ^4 ^fe 443 led 44 3°fl 444 444^! 7)4(30)4 4^4fe- 
^°14. 44^14 44i <:> )l 51<H4, 714(30)4 LED 43 7)12: ^<H1 ^14sl-rr ^44 44 7l4< : »14. 4 44i°)l 51 
°H. 714^1 ^.714 ^ 444 444 Tfl^i LED 3 444^ 7144 led 43 44*11 <844 D l^l^r 

444* Jisl4 a l 4^^. 4 514. i« 44, ^4 344 4*§3 «s 7143 4^i 51<H4 4-2.4 ae) A r %io)4. 
new, 44 <i°fl 51<H4, 714* t))* 4* sIies, 44dl 4344 444 44°IH1 cflsfl 4-3-4 
4. 
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tfl£3°J W 7)4(30)-8r 250p m H)*l 500u m $421 GaAs 7l«o.S^, 4 714(30) $Hfe 4 

7flfi) LED #(32, 34, 36 $ 38) «1 ^#£4. *(32-38)£- ^bI^a], 44 oflsl^Al, 3-4 °- 7 | 44 44 * 
44«1 -Hl^ajAH. His.*]- oj-g^ 4,34 4444 WW ^ 5)4. #(32-38)-°- 4#3«- LED4 

^«W D J\ -& H-^£ £€■ ^Efl£) LED dt^H °l-g-U 4" Sic]-. A34 714 v}3. flsl #(32)-& 421444. 
4b)4 44 444 „.£^tg AlGInPS) *>Jf ^7||444. o] 44 ^ Tfl #(34)^ 800nm2] ^434 Jf-jJ* 4 
4. 



AlGalnPSl «^(36)£ 50 0nm2l 0(4301 ^ s 44444. a 4-g", p-E^% AlGalnPe] 44 ;§7ll4°_i?. xfl 
4 £4 4W4. 44 ;§7|1#4 800nm4 <^X\x\°] ^s. 4-4 4^3 6 >s>> ^(34 36 33)^.4 £4 4 

■E^-l- 7)^H f4 A J°J (window) 4-¥- ^7)]^(38)S1 4<Hl ^#^4 44 444 ^7}^?^^ 44 -l 

Sl-Sl A^-g. $444 4- oJ4. olei*> £j£.f f^fr (Fletcher) 42| 4^ L 44 ^ 5i0 08,718 JL«fl 7^X\s\o] 

°a4. 



4^ %5lS<\ 44*) ^4 4 7i 7 ]*j ^44 4 ^4* (32 _ 38)o11 4 ^.g^ ^ oj-^ -j_ | i0 | ^jajfij saj^ ^ 

D l*l^r S-Ajo.^ Ola]] 4,44 444 ^44^ 4 .344 44 oj^, ^ ^ jjj^. nVf. og= 7 | ^£-44. ^4 4 

«H °Ja1^ Aj^g. 7)^(30)^- £4*1 Aj^oi] og^f. 4 s] 4 4 4, *| 5 £1 . 4^44. Aj^j- 444 *\]t]s]o] 

(32 -38)«| LED 42:7) 445)4. A ^J" 71^4 4«)3 <H)%', efl^/^eH, uV-g-^ 4£ ofl 

°1£ set:- 4*2} 244 ^44^ 40^4 ^ofl ^44 Aj^sj 4. 014 oj^ofl ^.4 4^4 

44 ^J-O], 7lfV£l Afl7-1 Ijj-ia^ All7H^<H] 7fl3J451 4 ^4A]fe ^4. Aj4 olfilofl E) bi 

b1*(32)* 4-?- SEfe Jf-^-^^-S Til 71 4 sl 4-^- =3?!^ AI144 ^014. 



714^1 AflTl Aj^ 44 714* Til 5 S.°\] £A14 LED ^2:(40)4 ^*rf-(32) ^^(38)°11 4 
1^-*. *II*13121 4*l-b LED t 1 ^ (40) 2), Aj4f^(32-38) ^/Hlfe If-sJ 714^1 4?1^ * 442] JLAjofl 

t^S)4. ^1°]^ 1^- 71^0] Ai-g-si^-di, 01 ^io]gi 444 LEDo1 i 4^ 44 7 i44 711^4^- 4= 4*^.0)1 ^44 
01 e| 7>x] 01^4 7H3-&14. 



7fl 6 ^JtAjolji, 4421 -f-4^t] 7)4(42)4 4 *\ (32) <H1 ^a] oj)!- £a14 444. ^4 

si ^44 7l ^ 0 | £0. 7Ws] aj 4 A^ao] 7fl^4 4 o)4fe 4^4 711^44. SIH*! 7] 

?H42)-g: 8mil-gr .%4*>^ "111- S^r 44 4#^144. 8mil i^fe 4111" 4fe 71**1 ^#°)1 7^4 

^J^r <H^^4 *7)4* 5J°U, «rT ^1 ^J°14. LED 4^(40)^14^- h|h^ 4-&# (32 - 38) s\ 

€-8-471 nfl€-ofl, oflsl@j4 A ^d- a14^t ^44 4^4 4 4^ .11 4*11 tHH s^s =14. 4^4, ?I4 
si 14 ^-7^0. 44 £ ii-. j=4Aj 7i4o)i uisfl 717114 444 444 =^4 ± ^ ^444 44^ LED ± 

A>44 4^717} i4 -8-4 «>3. 3>^i 4 "a^sM, 4|2:7> K-\ -%-o)^]jl ±7.} ^-%°] 47)44. *J °1 3) 4^* S?) 

^- 714 ^-Aj.^4 44 44 4^.3.44 p . n ^44 4-8-sH, ^£^^1 * f- 

4 ofls-Ai^i 444 ^ &n s\3. 7>4-aJ4 T)^si£4 4 4 44. 



711 7 £4 #a*ria, TflS ^g-Ajoi 447H)i;- S 4 LED 71^4 ^444. Ai4(44)-^ iS.4 f 1 ^- (evaporation) ^ 

21 «fl aj-4 ^7fl4(38) SHI «^€4. ^d^-a- S^arfe- ^^^9J 7fls.fe- ^--4<a ^°14. ^1 2 ^4(46)-£- 

7l#(42) 4H1 ^Aj44_ 4 n] ] > ^44 E 4 444 4. 4 0.4 o]7^ ^4x1 ^4. 71^714 7.,)^ 34 
^ tn°14. 



°H4 4%o)i 5144, ^45) 444 4-44514 7144 ^^^4 ^^4^- 44 442147-14 3^- 4^.4714x1 4 4 
°14. ^11- -S-a, 7fl 8 S.01H, Til 2 Aj4 714(48)4 711 4 4214 ^4sl 4f-£l°i 514. «r, 7ll 2 714-& «Ja] 4| 



- 7 - 



444^ 10-0338180 



44 714(30)^1 ajT^ofl o,,cjBl ^€4. ^1 2 7]BV(48)-& 6mil4 i^sfe " 4?1£-" #4 3M 44344. <94 

71134 %>=444 3j°14. 4ej3 ^5144 ?flol3l 44°fl &4 4 2 7)^(48) 4°i] oHsl@i 

4 ^44 4 44- i^l^l ft*!- tH^H^(32)^ 5^<H]xi ^ 7]4(30)4 tfl*l)44 7):£4 ?N o] 

414-514. 



4€- 4*H°fl 5H4 3) 4 £Sl ihT-Kr f-^pj 714(30) 4°)1 #(32-38)* ^4*1?1 f-^-s] ^2-o^ 

5L 514. 8 3Ms| ^^(48)4 431*1 ^sl nj^ s-s] ^ 5 ,008,718 31# %S*H ?i£-4 *I-f r S}-a]- ^ 

4-^*1 D, 4^:0. Sh^M. 443-°-5. ^4^4 4H 3°14. 3t*K 443 44 ^/aife- 4it 44<>| *J=4-|- $14 

°14 ^-S-^l 2)44(48)2} 3.4 4, Jj&S] ^47)4(30)-§- ^17^>J1 44514 ^^2] sHfLofl 4s ^t- 7 |^£ 



t^44 Tfl 4 ££ } wjo. ^^s] j= 2 j.Aj ^( 30 )-g. 7H?-£, ^7>S) ^fl. ^-Aj. --e^ol 43.33 4-- 

£ 514. °1&14 44°ll 5iW4fc, 2i4 44 4713 ^S^-fi- 4fe 444 71^-a- $H=I StWfe 341 4434 
4. 47fe ±43 ^4* *45iM4 3°14. *1 44^3 71^-g, ^ 4^4* %~ LED *<fl 

^S]o]^ *VcK £.4 Jfrfr ^ f-Ipj 7 |^£ u}.o_ ^-2pJ xflTH # £t- jflTj ^0)1 LE 

D flMs| «4« 4-- 514. 



i «I»1B) °l-g-4^r ^J* 4#^1«- ^lo|7} aM*l*h °14 7 ^ flolH| 1^ ^]S, LED i^Sl ^^ir ^= 



^ 9 i# tS4^, ^ll^s] 1^ atl ^1 4 £ a^r *!] 6 £^ aflAlHllolAi^- ^-g-^i;-^ ^- ojcf. g> 

£ t-^l^r fl-fr III- V ftJE^fe ^7)<H]a^ l-^xj^cl ©Ife 7K- £*H £l«g o.S ^4£l7) u)|§.ol4. 

°l^-8r 7^>i;- AVcJ-^. JjL^o^ qj-a.u]- ^-O. ffl y o]] aj ^ *S- ( 30 . 33)^. LED^l 

« 5i°14. «>1 ^4rr, A> 7 | #^-*el tflJf £ol ft^nl-fe- S#sM SHv 

-^4^°J ?i£^si itfofl oi^fl ^ o. x1<ns a, oj 4 q o] ^ ^^ (50) ^ G 

aP°J ^5. 514. 



x)l 6 HI- 4 A 1 ^4^, -^4^ 71^.(42)4 LED 7^(40) 4 0 1^1 €4tt ^^-^ ^-^S]- i£t!-§- ol-§-*H S J 

«• T 1 514. <H1» 81=* °J^-t- *fl0l2l 1^ 71^(42)21 Aj-H. X >g o )o)1 fl^«j. 2> Cfl^-gfi:- o- 

LED ^S°l 2|«>#(32) $H *j^8^ 514. 1000A ^*|# (contact) 7(- 4^^*>4. ^ 

7fi£l aflia-g- ?17H 4^47)1 *t 4 1 51* ^ES. #g-*l ?14 4^ avigofl, «-aM Slsfl gc^x)^ 

4*1)4^^ LED ^4 7lsV(42) a\c]s) ^4f3f-7\ 71^-AS^Elfil ^-f-S. $ 7l*«LS4 §1 

-§-t ^ Sfl-fr 4ff 444 44. 3# ^^Ife ^< : >17H4 4^ ^ri 5)4. a 4*, *7] a^-t- 

2l4#(32)^l ^^4 ^#Sl7fl 4 ±4# i£4H °1 4 ^(annealing) 44. 'H^^-g- ^14^44 Ml 

SI 4j0]B] 7ll^>i AH^ «7l]6ll^Sl 7fl^4. 
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4-E*11-4.E3l 44*11 u|3H 0.4:3. ^4 4^4 . o.e) ^4^ ^ ^ei^c). 451*)1 -45L*fl 14<>il «14 

°i 4E*fl -Si0 2 14.E 447WS4. 444 7l ^1 a} 01 sJ-^a^o] ol 4 n^o]) ^.Sl^ol 4.E74 42} - 4_£*|) be 
t- ^4*1^2} 4^*11 -Si0 2 -4E*lll- xfl^H 44^ 7)^- LED* f ^Rr 53°1 4414 ^°lcf. »| 10 514 

4^44 434 Si0 2 f£4 41- 4(52)4 443 44^5] 4.E^2l 7]4(54) $H SJ7.34 4 514. a c\ 

4, *}3- $H ^^4 44^4 40] 34 -4-§-4 44(56)21 0J03.2. ^]^>7l 4(52)4 *)|El^44. cfloja} 

o.S lEfe T-^^jiS, 441" 34 ^4#4 4*11(58)4 LED 42(40)2) 3 44(32)^ irfle]^ ^ 4-E 

4. 41, 14 4*fl£- 4s4 344 214 444 434 m&tls] $7) 3444 cfl44 44*} o.S. f-4^o] 

7)1 *fe 4*l| 434 344^4 *HeN£M°f4 44. a 48-, 4(52)2] fi44 444(32)0] S£4 34?1| *U 

<HU$«W 44 4°H ^ois] 140] <gjgs|£^ 44. ^ ^4 7J . £# 44.7,12} 3014. 

4 11 E-I- #25^, £44 LED 42(40)4 l&)(60)o)l SIM 4 lf$4.a 44, »1 el (60) fe- £4 44 44 Hi 
fc. o]u] aVAj-^l 44 44 aVAf^ 344. o| 4*1^- i^Sj 44^4 47>11 740)4. u|B](60)fc- 7)4(62)<Hl 2)s|] 

1144 5Jo] 44 2)44. #0. AV 7 j 7)^-01] £^47] 40]} 4A}£l 7 ] nfl^-o)) 7 ]^-o] 443 -S§-Aj,e_ sj-^o] 0^4 



"121(60)4 7Rl(62)-°r 4 -El 7l)ss ^so], LED 4^(40)21 4°H14 £1*11 l^-o] 7 }#o\] 7145} 4 51^] ^4 

44 "13*:- £4 oWl 14s)14 44?1 iLfll^. 441ofl 2]sf| ^4 4 514. 114. GaAs4 ^Hl:- £3 
-g-44 44 7.flS4 oi-g-sn 714(62)* 41- 4 5J4. om ^ 4^ ^ € . o1i s . fi) . ^.o. H]il ^ ^ 

4 $J.4. 



^1*^ LED rfcx>s. o. gz^j. ?flc , l5 | ^ 0)^.4^ ^ ^ 014 0 |4 4A Tfl i 2 5Lol] £^44. 44, 

^444 4i4* 4*11 fe4 ££^o] 4^1sl7fl 4fc- aE^4 ^oi44_ 4^ LED ^(40)4 44si LED ^-2:(64) 
4^11 ^44 4 5^/4714 4€- 4°11 444 4 514. 44 LED ^£(40)°q 4(34 ^ 38)^1 E^g ^Eflir 44 4 

4 LED 4S(64)S1 4(70 ^ 66)2] E^S sjEfl^l cfl444. 44a), - LED 4-^(40 ^ 64)fe- 44 4^-°-S. Bflojsl 

4. 5E4, fllola] ^.41 S'Sl-Sr "fl-f 44711 E^s)£4 ^lasHo): 44. 44a-], 421-4 47)) 344 nfl, led 

424 4cfl£4:- ^4 4^- 4*>7fl E]^ ^4 (tunnel junction) (72)4 ^44. °14 4 el, 47| E-li ^4 

4 ^- ^14^1 i^#4 S4°ll tflsfl ^oisi 4401 s^nxii- 4e|| S led 4^1 4 44-°-S^ ^4^1?] 4e 

°44. 



^1 12 .ES] 4i7i-i:- 4z^o) led ^2(40 ^ 64)7)- 444 4°H^sl£4 44 34(74)4 44 3^(76H 3°i4 
o]7}4o.s*l 4444. 44 444 443 j^pg 7l4(78)^o)i sflE^E! ^41-ol4. ^14 ^4^ 444 

4°H^^- 44t11 e]^ ^44(72)2] n)°Mif ^^a)^, o. e4^ ^444 £4 4^113. s1t)1 44. ojEj 4 

ojo, 40) LED1-4 4^11 ^#7.]^ 4 ^34 & ^ o] 44£l7)l 4 4 514. LED 43440 * 60)21 *A%<L3. 
^^slt- LED 44 led 4si-ol 4H ^t-sH 5i3 47) 7fl4a)oj LED ^21-21 44#2) 405. 

444 5)0)4. 4aj4 (38 ^ 68)0 ) ^oj4 4^ onu-jxii- 4^- 7^ ^4^ 44 ns^4, 7l4(78)-& 7H42151 L 
ED 4^2] 44 oi4ix]ji4 3. 6(44 7 ^4 5loi 44^44. 440. Eft ^ £A ^ ^Efl# -^Ajsj- 
4-£ 5144 4ofo> 44. 



LED £421 ^011 y^x-i 0)^4 7J1401 7 )44-£ 144 4 514.44214 91*)*], 144 

* lrniM- S44^- 4i» 4 T £^1S^, ol^oil Al.44 4 4^. ^£1--- Si, Ge, A1P, AlSb, GaN, AlN, GaP, 
GaAs, GaSb, InP, InAs, InSb, ZnS, ZnSe, CdSe, CdTe, SiC7> 51^.^, £.]& 4^.0] ^^4 jfc ^444. $0] 

v\ 14 7144 ^140)4-1 4°J47-14, s&fe- 7-I40141 45J 444 7 l4oil ^444 47f4c«i 444 4c 4 

4. oflalsM4 ^J444^ 142] 14 7J-E4 ^oiui 44 ^44^ ^5:^4 447,1^ 44 4^. o^^a-i 47I-44. 
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S-H4 1^- 7144 <QX\q q% 7]%r°.s.^ n)7]s]^- #7] 414 "fla*^ ofl 3] ^44^.3.4 lmiliL4 44 
* °W44*-5l 4fe 5!£ 7>444. 3E4, $|o|s| if^, if- f-o} °J4*j ^4 7 |^ ^ofl ^slfe 2p miL4 
oj=o. ^ai^^oLs. 7J444. a 44, oi el ft 4^ $Ho]rH Iftslja, 7] 44 ajJM *W«4. 



*ll 13 aflE^^l ftisfl $|lolisl(i26)7> 44 ^7)14(130), 4^4(132) ^ 44 ^4(134)4 £44^;- LED 
4£(128H 2I44 ^A]ofl-i. o)|Alft 5J0I4. LED 42:^- 714(136) $M 44 7] y\ 4 7]4(i36)o|l 31°]3l 

1^4^. 4 44. ^flEi^sl BV^sfl ^olBl(126)fe A 8 E^- 4^4 C£ 1 7144 343 34 4t> 4E44H 4 5l°- 
4, 434 4-S-4 34 »W4. sfltWi 3)44 (126)^ °fl%lSH 44 £-3(138)011 444(140)4 ^44 il4 
44 -^fli;- sflE^s} 31447} LED 4^4 14€ nfl 444 4A34 ^-s)-^ ^sH^l °1 1+. 



7fl 14 444, sflEl^^l aV£*|| $144(126)-&LED 4i£(128)4 44 ^314(130)0)1 3)44 S4£4. 44( 
142 ^ 144)4 sflE^^l it) (i26)sl 44 3.44 44(136)4 44 a-a<Hi $^4. sflE^sl ?-l)444 $144, 
444(140)tI- ^-g-(cavity) <?1 ?-44 ^44. 34(142)o]l cflft £44 °) 7}±y LEB 4^(128)3. 447} 
4-£4E4 ^. ^olxlnl, 34^ ^1 14 -E4 44 *f- 44^0)) 4*i| JE44^r 5}^^ ^4 43 °] o^ o|<ij o_S^ * 
^4 &4 51 4 4. 



44 414-°5- 444 ojojol4. ^ ^4, 7.]} 14 5L°)1 o^s] Hj-tfoi) o) ? V ^= ^j^g. LED :£44 

£44 44:2 444 44 jfS- ^3.4 4@H1 444^ &4 41*4 ^44. 



4^4314 (display) ^ ^4 oil 4 El 4 44 4s LED ;fc*}l-4 ^fl- *s. s i ^] *]- o_ s «. E ^ cl^^- flf - 514 xfl 
15 7R1(146) ^loll LED ^-2:(144)!- ^nlEll- £Alft ^"^-(148 ^ 150)^- ^l°lsl 

£^(152) vfloi) ^Aj^jcK LED ^Sl- 74^*21 ^^a.oil ^^l-e- 3^(154 °A 156)±^-Z] ZL % 

^S-^l ^ ^Sl^^T 7R-^- ft4- ^#-^21 ^71^1 ojoj-g. 4^}7] ^6\], %2H# Sf- 

TjS.^r (148)4 (150) 4°li ?i-Fr ^"8 ^^-i" ^ll^ftuf. ^°c v ^^H^l ?1n s r^l ^ i 

* °llwlEl(142)-l- ^-6- i7Hl Tjft^ #-8; -§-g-o)l ol Hl-5J-3j 4BV214 ^Al oil o)l 51 <H^, WH 

148)4 «-#^(150)fe f"^ ^514^ ^flTj (inside diameter) # Sfe (single annu 

lar cavitiy)Sl 4€- -¥-^-#^14. 



^l 0 !^ 4E^1 ^|«>lB|fil sflE^^ IE4 LED f^o.S.-¥-El ** ^E^l^-S ^44^-^1 <»1^ 

4-§-€ n- 514. ^1 « 0 »-*J= ?i4^ ^4^1 71444 fi, ■§••§■ 95 74014. a ^| 16 Eofl EA144. 

LED #(156)^ 4 J f #(158)4 4^(160) 4°H1 44. 4 -¥-#(162) 4 5R#( 164)3] a^ 0144^- 

«H *>1 3*1 ^.4€4. «1 34 ^^(166, 168 ^ 170)£- 447> o|34 ^^^-S 4^1* t Si-S- ^4 
(172)^£.¥-e1 #4*1 ^<H^|>H «j^€4. ^2^4, 421 44 Sft* *l^H #4*1 7>47fl SB4 44. 

7i ^0.4 a ?i4i sisfl 4°i -S-4-44. °1 ^4) 4 ##°1 47>4 4 514. 



?14(172)AS-4E1 LED 4(156)AS3] 4E^r ^^|^ a]44 <a^l-(166, 168 ^ 170)«H Slsfl 0J44 

471 ^14, led f^s.-f-Ei 4^rr 4^Jsi 44 ^4. m W Hi m °i ^#(166- 170)^ °J 
^4 4°131 4?i43l 4°1°11 3)4 143.4 4 A J44. 4^ 4E^]3l #444 cfl4 35J 44i, 44^1143] ^^144 
tf|4 1014. «i ^4 oj«oiia^oi ^^.ft ^^^.4 4 £ ^)i 4101s) 44 4^ofl 4^°i4. ^J^^ias., 7444 h 2 st- P 
h 3 4 7\di 4^31 47joi]Ai 4^44. 447^ 440- 7 >^s ^^1^^^ 4cv. 014 4^ 7^^- ^4 4 
34 451=114 1011 nflo- 71-44 #^.4* 4^4 ^^4-8r 444 #^.4Ji4 hth^M t°l ^°fl 

sit- S(E4 *H? 53^1 °1^^°1714, ol5Jo) 744 0^4. 
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sfltWi a J-£*l) «Ms| 14* LED°fl cflsfl 4 8 Jo-Hr c}a 4.3 o. ^^^5]^^. BflEl^E]xl &o. 714°)! cfl«V LED 2] 
14<>)1 SM LED 41~ 4 44# BflE^sl-i:- ^0)4. *il 17 £o)| 01041, 3flE-|^sl LED 4(174)4 4^4(176)-!- 

3. W 4. sflE^sl 4(174)4 Isfl i3l^4 ^^1717-14, 714(180) «\s\ LED*(178)ofl 14*11 °A 

4. ^-§"4(176)21 *ll 2 14(182)4 sflE^l LED #2| 4^ S^ofl SlHssl 1414. 0 l2 r 44 LED # 
(174) ^/a^r 7l4(182)£ BflE^l 4 514. 4 44 7fll^A5l ^1 ol si 1444 a§ 4 4^ 44 
1- 2flEl^*V 4, LED <*]*}^%°\] 4 44 ? |olal l^-Vfe. 7^44. 



41 x)l 13 £f 42:41, 4-§4(140)-fer 5.^ 1«H 2|4a| hV^^ $h o] ( 12 6) iflo)] tgA^ ^ 014 g:^ 

I^HItI) 1 431 4€- 4^-ir-l-, afc $IHsi!-2} £-34 siie^s^-oi A r £4 4 514. 4*1 

^ 4€- 4^51^ 14°H^ "fl^ p-n 34* *Wrl 14 1^1 411 (selective diffusion) o)-0_ 4 

1134, 1^3 541 € Mil 1?! 44##S-^1 -^1 f4 v , ne|ji 411 °147 r ^4 l^l-l ^40] 5J4. 

ttSWS^ 14, cflJf-^rl 44#2l §141- C)14 1.6 0.5.A-1, ol^J cHl^J ^ 9|o| 21 ^40)] ^^sit- 144 

4AI-4 o. s $-5] 440- AJ447H) #§-44. 



n-GaP 144 14*11 sflE^sl 40I cqjolsl 444 t]]^^. sfll^l n -GaP 7J44 444^- 7}**%. 0)440} 
sflEl^Slxl ^ n-GaP 7l4°ll 1414 *fll^l 7]H cfl4 175u ml 144 cfl4 i 5u m o| ^ojs. 4^- 

41-4-a- °fl %' 4-5-5-1 ^44. th-M--?-** HI I25u mis. is. 01344. ^o] ^ o. 7 ) ?! . o. ^ 

*S4 4 l^, 7)11 ^4 7J-J£i-- yj^oj 7,1 ^ ^r.^ 4444. ^4 40l , mJil } ^ 37 ]s g fe tf »n 

-£4 447Ho)4. 10u ma.4 40- ^4s. 4^. j= 7^^. zi 14 u 4fl* 37lel 44 ajo| « ^- xj.^. --Bj 0) 

SZTfl 44. n- $ S£^- p- ^ 4^" 14(unipolar bond)4 ^14 ^-8: #7] 3 A^j-S] GaP -GaP 144 InG 
aP-GaP 14-& 714-4 71^0)1 A^sjn^ ^ BflEl^Sl Hl^4 ^4 7 }^)s^ 4= 

4 4^14 , a^ 14 7VSAit- 14» l£4 ^^14 Afl^-4 5Zt11 ^4. 



^ 18 £4 4 43 (80)3 sfloiBi 444 $%^7] $14 4311 ^414 ^014. ^| 01 h] 44 ^ x 4<g 

4711(84) iflfl elAll^ <S ^ (recess area) (82) -HI 4t ¥^ 514. 21^1-^ ^3(82)4 *\] 1 4<?3 47)) ifl^ 0. 

5*1*1 X 0.8*1*1*1 S*W4. 4 2 ^ 4711 (86) ir 7)1 1 47fl5L4E^ 1-44 ^1 (alignment pin) (90) 4 *«H* 
°l£4 (hole) (88)4 ^4?J:4. £4^^1fe S-Sr, -^^ «| 7] (graphite shim) 411 14* *M»1 

4(80)21 4141- ^42}*! *^ 4*1- ^ 4* Ji4«KE4 el^l^ ^^(82) iH 4«^1 4 514. 



711 1 -Si-?! 4711(84)21- xfl 2 4<?1 4 711(86) -I- 4(90)4 "l*^' 5 ! 14«U, =L 3i^n (assembly) # 4 Sfe n- 
^4(quartz tube) (92) MH 4^^ °114 7fl4 40. 45. (open - tube furnace)^ ^7fl44. 45.^- 440] 1. 
0ElEl/4(iiter/min) < y H 2^7) Aj-Efl^A) 850-10001:5. 4*?14. Afol^ofl^. 44^- 4^4^^ 4^ ^ ojofl 

443 7)1451^-, 5i ifl^l H421 «H^%5»K zl 421 ^4 4^0) ^4^4. 

7>1 4*1, *|o]^ 4(80)4 4^34. 47^4(92)21 1^4 ^14(5.5x 10 - 7 /t:)4 4°3 47lli-(84 % 8 

6)2) 9JBJJ4 7)14(8.4X 10 " 6 /t) 121 4o]o)| filial 4a|44. j£4 ^ 0 ]s| (80)21 1^4 7ll4(dil4 %a] t GaP2l 

14 5.8x 10- 6 /r:)i 4^.4 IAS, 44§isi £ 4s 40)01 ^) CK ^ 4j£o)iAi, in. v 4£*fl ^l^H* 
^ 4± 7>±^ (plastic) ©I 4 11 1 3 K «H°1^ i qs. ^s\$±= 14°1 Sl^-fl, °11^ ?11 0 1 

2) X42i 01^ 4 41-^4 i44t-tll e4°1 €4. 
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4 18 i3 3133 l* 43 vi\s,s\ <£*\ t *| c] »f] ( 80 ) ^ 3133 540. .£.43 s.4 o« t £ - ^ 440. 

3 *MSj5i* m. *333 £<g*£ 3«3°-S 34 7)13 3 «j (degreasing technique)*)) 3*3^13 
3*. In x Ga,. x P ^ GaP *])S3 4*§-£r 3*13 o.S. NH 4 OH 4<>)H3 °fl^°)l cq «fl xfl344 ofl^^- $1133 

4 SI133S43 334 40] NH 4 OH£ a))3*3 S]*3 ^f3 °11*£ (methanol) i 3333. 3*§ 33: 

# f^l *^ *e)H4 3±?H **. 

^ *§-, 3133(80)fl- o)]*-§-S.43 *))3*3. "11*8:£- f3 fWa, 4 cfla -Si 33 o]s]-o^ 444 4| o] 
3] (80)7> 4333. ^33, 3£* ** 43 4 cfla 4^ 7340. ojyv^j LED ±4 ^iofl o| -g-*}-7l «Hl #4* 
333 4i 4 3-5L^-§: 2)143-3 444. 434, tr 45 j7 s)| 440] .S.4^3. m]F.5L 3 18 £3 $1133 3* 

333 344 4^3 404^ ^|«>l5|t-[(l00)^-i- (110)4 ^AS 2° S4 10° 3433 * 333* GaP 
:S(n~5X 10 17 cm" 3 ) 3** (GaPs 33 ~2mil 4*1)5. GaP» 3* ofl333 Ga P A3433 32*) GaP:Zn(p~ 
2X 10' 8 cm' 3 ) " S]/>. 71* (pseudo- substrate)" ±3. 44333 5E?V GaAS:Te(n~5X 10 17 cm" 3 ) ^) ofl 

-fi-71 43 43(M0CVD)3 Slsfl 3434 ~i p m In Q5 Ga()5 P:Te (n~lx 10 18 cm" 3 )* M0CVD3 343 
GaAs 33 3333 Ino5 (Al x Ga,. x ) 05 P 3v 3#^E LEDS 433fe a £ 0)444. GaAs 7)44 ( 100 )3-g. 
(110)?! 2° 3^33 * 333* 4^.4 ^ o flols1 ojh>a| o. s HC1:HN0 3 :H 2 0(1:1:1) #33 

si 333 343 ^# 3£4ili?-43 33 443 37144. n 4*, S)133#-& n -3 33 AuGe 4/s^rp- 

^ 3#-§- 331 AuZn.?.S. 4#*, *4**;E ^ O.S. 4**4. 

4 333 3*#(80)3 3^33 3*^ 3*3 ^713 43"§- 33*3 3*3 o|£> 7^4 Q^M. 4-^4^-3 <&o] 

^°i, «■ ^Tin-sA-ii:- NH4OH °nni si sii ?|oisis.^. 4.1-0,1 oi^A-i $fl°iiti(80)i- oim-i- ^ofl 

^13 A l?l -y-^ 0 !!^ i^#«>l AlS. 3#Sl7fl *7illrOl iE*5)cl-. ^l* n 1 *^l7l- S*=l ^la ^3 

1^* ^l^lsslii-^ HF:*c>l€:Sl ^-g-°J!(deionized water) (1:10) °fl%Hl c>Ha1 ^ol^-s). ^--g-o» ^^a-I Afl^sfai 
N 2 S Ti^Al?!^ nfl*3°J ^1S -g-^^ofl ^*?1 *)1 o] 31 fif HlH#4. ojK. j= ^ o. 2.-0)] oj^A-l, ^H^k.,*- n 
GaP 71*4 (GaAs:Te^lSl) n -S In 05 Gao. 5 PS. ^£4 av 7 ] s ^ ^ofl o|o!al 71*^- ^1 

18 £21 ^o}^ z}Q ^ ^o)) h|]*14ji, Zl ^ll^lrtll-^- ffi^-ol i000G<HlAi l a]* ^.o> ^^^^4 0] ^ ^^..^ 

V NH 4 0H-«)14#i 21=11 sih^ ^ o. Hl:a ^ ^ ^ 113 - (resistance ohmic bon 

d)* M-4V34. HF:l-ol^S} ^-g-^ MliA-lo] ^^lo)) olsj-ocl ^)i^4 ^ol4^ i 4^ ^4 %]o]3\a] *4-^d\] •• * 
^(barrier)" <>1 $5(11^- ^^1^ «1 7-l*J-Aj SAj^. 44^4. 0I4 ^ H ] x-1*J-a^ SAjs.^. oj 430,3. 44^ $ | o) 

7) * 0.3.-?- el 4=. ?H |oi>ti 7l*iis. f-437lBl sfe ^--i-i^ 34*W 

NH 4 OH tHl*# £<3 711^^2., 47)1, n-^ InGaP7U-^ GaP<^| 1*€ "fl 7-1*^ ?17 13 <y 7 | 

4434 ^la^i'-S.A-i ^zi44. ^iofl oj-a-i nh 2 h °fl4# ^IHHsl ^134 n *-°i N 2 °fl si* Ti^s)- 4s. 

4« a?! 7112^- «1 7H^ saj o] ^4^ 471*4. ^3*, ZL 4-& ^11^^^ n- ^ In 05 Gao 5 P(GaAS:TeH cfl 

* (n-^ GaAS:Te ^3) In 0 . 5 Gao. 5 PS] 440)1 34^ ^ °- 44^- 3*aj s,j| 4344 ^3l> 3" 
3fe GaP^4El 4*#°1 ^13€ *^i In 0.3 Ga 0 . 5 P3 ^-°-°ll^ il^ **#3 *H333 nfl^-olEU 

^71-^13. zi34 4o]6)) 014 £ 4s 7 |.- ^ a^c^ia^ 444 44 s-Ajcj In 44 44-0] ^o.^ 4444^ 

(a) n-'g In o,5 Gao. 5 P°fl 1*4 n-^ In 05 Ga 0 . 5 PS ^3fe 3^1 3* ?)1333 (b) n-^ GaP°fl 3*4 u-^ 

H.5 Gao.5 PS- ^-^3^:- ^i*ll 1* ?-)l 0 131- 3^44. 31- 4 $110)3 /i]H( set ) 2.4- 44^- 34^ 333 4a^ 
-a- ^133 3_*-a- 7)1^*4. _-i34, (4 *4^ In o5 Gao5 P/Ino5 Gaos p (b) 4^.^ InQ 

5 Ga 0 .5 P/GaP l*^ 3^4 ^440)13 o>- 44 344 44^4 a (a)2] ^4^^ x^J-43 4 L5a o)4j, 
*^°)1 (b)3 % -f-i 4 ^4401 4 52 ( 20x 20mil 3-°l (die)) ^3- a* 4£ 3 s i In 0S Ga 0 5 P/In 0 5 Gao5 P 
1^- 1000°Co)13 <a33t- In 05 Gaos P/GaP 4*°11 3*3 0)*975°C ^-g- g:£<H)3 3*1] $1133 ^3^1 133 
*r 5a4. 



- 12 - 



ftftftsl 10-0338180 



44ft 4^4 ^ftfc- i n 44 ftft-i-oj LED 4^°11 Jl*ll $)Hs| ftft-§- ^cfl 44444b 44 44>dl4. 4 

oil 44 444 7>^-sV ft^ upc^ o| HiE | ^ ^ ^BJ (shearstress) ftft_-§-;f;- (evaporation -c 

ondensation) ^ 44 #$o\] o^fl ^5.7). ft^s] 5H4b ^0)4. i n ftft 44ft4 7^1 ftftft tf 7 l ^aJ-^j -£4 
ft Ga 444 alJH5><^ i n ft 43] £i£ c>l-^S7> ft7l4 ab GaP4 ^fto} i n Q5 Gao.5 P4 cfl4 ft^o] ftfts] 
?-£ 4444 ^Jolcf. j£ft AlGaAs - GaAs - InGaAs 42:44 b]js.^ -£ft 4ft.£.i- 441^- ftejxl 014 n j. 
iW?-, Inft ^ 3)44 14 44 44 GaP 43- 44 3Eb 4ftA3. 44 ^4 ^44 4^) In xG a, „ P(x< 
0.5) 4ft 4 $ ^ 44. 

In 44 44ft 444^, 444 ^ 4 ^.o. 44 aft o]^S. 4ftft cflft £ft ftAj-S. 4- 4a m . V 

ab II -VI 44ft £ IE 4 jlSfl 3144 l^-o)l -n-el^Tfl 444 4 51c].. nj-sH, Hg-44, Cd - 44 * Zn-44 4 

ftftft 44 4ft 444 4-S- *ji 44ft44. 



444 ft 44A3 *} 7 j*j E^. 4^ JZ.*H 3)44 440] ^ofl -£ ? v £ 44,3) E) ft xfl 18 £21 ftft ifl 

3) 4 4 (80) ft «11 444 4S H.3.4U44. 4 19Sft ■¥■ 44 444 3.3.41} ft £444. °)soj 

= 3.41H4b- 1000°C ft£444 » 7}4ft(fast)" 344 aflftsljl, ftftofl 4^4 ss4<a«||-*ife looor ft£ 

444 " ftftft(siow)" 344 *llft44. 4ft 4 344 S1<H-M. 1000°C444 4441 ! Aifts) cHft^l 44 
44. L 34 3.3.44ft 4444. 



4444 » ftftft» 34ft 143 0.3. 4ft ft.E ^ ifl*il3A3 ^ft ftft 44^ ^44 47)44. °lE-lft ft 

4ft 14£ S'Sl^l ui-g- 4^01 4 1 ?! 4444 4^ 4^3. ^^44 ^71 ^€-<Hl 4/1 € ^ SI 4. 4^* ^l°l r H 

44<H1 #4 <Hii aft €-«ll (decomposition) 13 44-1" ^(thermal oxide desorption) *l-§-4 7 A 

c»14. aft, o]sift 4°lb 4^1 " ftftft" eisii ^i^-Eib a.4 ft a43ft <H4^AS. 44 « 4- 44. a 
£14, a aftb 44 n-1 4fl44i n-1 ?1144«- 444 ^ ft^4, p-^ ^^l^ 6 )! p-^ ^144€- 444 
4444 ^^-4. 



n- $ ^11 4 s|t i4b P -1 $H44-t 44°ll 44-^ ft 44 S^ftfe- ^4 i4 4444b- * ^A7\ 44. P 

-GaP4p-GaP4 ?1144 £4, aft n - GaPft n - GaP4 4|o|5| ftfto| ^*Jft4. o]£- ^ ^O-ofl oJ^a^, ^ftft 1 
OOCCiA-l 1 A]ft ^ft ^-sjft4. ft4ft ftf- aJf-ofl o;e>|A-l ( A-lftAj ^^-o. ^o,, ^ 

A dl44. ^-44, ftft 44ft 12X 12mil ^4 GaP/GaP n-^ 444 3144 ^4(tflft 5Q ) Ji4 GaP/GaP p 

44 A d ?1144 144^1 (0.9G 44) «ft 44. p-$ ^1-1- 44*11 44 A d 144 144b- 514 4c11 z 1as. 

44 5lft n- ^ S.ftH (dopant) <H1 444 p- 1 S.ftM4 4ft 45-4 S4 "11-2-1 444. 



4^4 A j4 -&4^ GaAs 444 ^-4s 44 ft LED 4^4 45L*ll 4 41, 44 24 444 44ft 444 444 4 
4 A i GaAs 444 ^144^ ln 05 (Ai x Ga,. x ) os P LED 4 44 A ^ GaP 444 jWfl 3144 444ft 44 444 ^ 
4€!4. 



^1 18 £.4 3144 44 444 «4b- 441- ^144ft 444, a 44 ft 4 8 J4£ 4^4 4 ft 44 ^ft 4444 
444 4444 &b-4. 4, ^ 444 #14 4^44 444 4444 4^44 ift°ll, 444 4£4 44 444 
44444. a 14-, Ail 20£ * x| 21 £4 44 447} 71)4444. 4 20 £ft 44 44(94)4 4 ft 

4 44ft 3144 ^4 4444 444 4 7flsl ^-4 Jf 4(96 ^ 98)4 S444 4 44 -^-4(96)4 ^1 ft(ioo) 
4 4ft 44 44(98)4 ^4 (notch) 44 4444. 
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4<?! 4*11(96 ^ 98)4 3-3-4 (furnace tube)(102) tflofl 3*144. :f <£<>1 3.04 ^(96)fe $<Q. ^S] ^ 7fl 
4(arcuate opening) (108)71- A>i£ e ( sha ft) (106)# 444t- 434 f-Sfl 43.4(102H cfl*B *i| JZ-344. 
£y<S\ 3.05 Jf- 7 1|(98)4 -g-2)<y ^ oj4. oflo^ al as ( air piston) o] ^ ^(98)$) 7114(112) xfl«fl 

4HH(104)°fl 4444- °fl<H S)^§4 44 -T-^fl°fl, ^-°fl 44 144 (110)°ll 21*14 $o]ji\ #ofl 
434 47 r 4-E4 44 4°] (pneumatically control) 4 4 514. 



all 21 £-3- 42:44, %]°]*\ 4(112 $ 114)^1 i£7H4 g-ElJfi ^o.S.7.i £Als]ol 5)4. ols r HlaSH, 4 22 £fe 
4 31 °1 ^1(120)7} 3.7H1 ^4 7fl l Jf^(116)4 *ll 2 44 -^11 (118)-!- £344. 7fl 22 £91 Efl 

AHeV 2ls r ^ 3,7} no}B]!c- JLM] ?flo]3l ^^1 3*11 3}°] ^SjS] ^ o)-g~g. - 014 ££ 

21 444 7>s)l?l <y-3j H3-4 6 J4 31 <>1 3] (120)51 44 (cracking) ^ 444 ^±44^1 44°} 4-2.44. 4<84 31 
°ls14 44*W &4 4£°)lAi ^ 6V3j.fi. 47 r 4°)l 44 434 4" 5)4- 



31°l3l(112 ^ 114)7 r i7lo)l «-e|^ ^ oj^l 4^ ^| 21 5.5) ^AHlfe $1)01210] ^ofl 0V44 <jfl o) 2) £. JfE-| 44 
#21 afl-fr-g- 5l-§-Sl-7l n||S-o]l 4434 30)4. £S> ^453 £443 443 4§ll£ 4434 334. 7-11 21 £ 

si 4 A Hlt- °l2r 44 44 ^444 -§-°14t1| 4 334. 



it 4S- 7 r ^-44 $\)o]s\ s^is.^eI 4444 4£3- «11#4j1, 443 44 a^-a ojgj) As -^(caP) lEfe- p-m 

£44 ^-f-b 334. =1 44, 3 £.3. 33 3 313344 44 ->MI* 43°ti 43! 334. ^44 3133 X 
41-3-43 iL43-°3 4333 «fl^°fl. sg 0.3 *134 313313 #e)*j *]^- <^«i-- ^4 ^jo] o>-^ ^ £ 5J4. 
4-S-, ^^-S. al^-14 3hlal4* 500t# ^44fe €-£4 x l 4^4°i ^-i- ^-elAKjAS.^, 44* $14 44#°1 Si 
^ £4°1 4^11 44. a 44, <Ms|# 44*H ^£4 4^1, ^^11 31°l3l 444 2isn ^sli- ^7M4 

4. 



S£*. 5L4S 7}+s. ^ ^^h^aIsI ? ll e] ol (carrier) 4H 47 r 4 ^sfl ^ -^4 Afl 20 £2] 4^(102)4 44 
°] JlH.711 4 4 44- 344 £4S 7>iS.Aiir, H 2 Se, H 2 S, DETe 4 DMZn^l $J4 ^ °)4. °1^J4 4*1 p - ^ 1 

7fl 20 £21 Hj.0. xv*} (94)^ ^)) 18 ^ ^171- A44^ ^a.4 44 4£°llAi x^sj-Aj j,^ 3)0)21 ^-^o) ^Aj^ 
4 4 44. i4 44 4£°llAlfe «Hl^l^4 LED ^421 o]u]^ %■ ^4i44 ^«14. 314, c14 44 4 



led°H cfl4 31°lsl 71491 a 4^- 4^-AS.ir 44^§4 4£*H4°ll 444 4£aii 7 Ri# 444^, 31°1b121 ^ 

4^ A ^4 717)13 OV^AjA ^AlT-lfe 5J0]4. 440) S^*V 0.^.0. 0JHV3 ^S- 717)13 7j-£ ^ <ga) AEe|Ad)| tfls)) 

m- v, IV £4=:- iv-iv 4£«llii'Ji4 44^4 51 as. Ajzvsji:- n-vi led 43:°ll cfl4 5J°14. ^43 as, ii-vi 
#°ll 444 III- V 4£a11 £^ SiC 7144 n*ll 3l°lsl 444°i LED 4i42l 7l7il^ 43 43^4 44 A 1 

71 1- 4°1 4434 3°14. 



(57) 472] V?4| 
^44 1. 

44 4°1 A£ (light emitting diode; LED) *]]3l 4^°fl 4<H4, 
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71*11*1 s^-fr ^ej^i ^ ! 7 fl SS ovs-^^i ^ j 4^.*}^- 

A oM A 1 7la> $H ^-71 LED#-Ir LED ^2* ^^Hf £314, 

^7) LED cfl^B f-* r ^ TflSS] *Wb1 ^(wafer bonding) *H #7l LED ¥-2.21 

$ ^ 2. 

* l 5fl*H. 

#7] LED # aflS. ^7)] <$7] 4 1 7l# $H cf-^fi] ^ (epitaxially growing) *1 7) £ ttTfloljl, 

71 *ll 1 ^)S.-b 4^-5d^^! 34 ^"^r (lattice constant)!- 4S°J ^ 4°l-2-S- *ll2 IHL 

^T 3 -^ 3. 

4 l fl°H. 

A o V 7l *fl 1 7]^ 47]^- #7\m Cj ifl-«rfe- t# tj-o] £ = ^2 aj-tf 

^T 1 ^ 4. 

A 3 *cHl 5tM A t 

A o v 7l 4 1 7l#oj ^3 ^-71 LED n L 3i2] ^6fl f-aj-jg 71** SlHsl =3:7-11?] f}-# cj-oj^s. ^ wj-i*. 

Hl 1 ^ 5. 

*ii i «j-°ii stw, 

#7) LED n^ofl #7l ^2)-^ $Ms) l^SRr ^71 *11 ol si 3# c+Tfli:- x-jsj- *}7]3 *j^(i ow resistanc 
e electrical connection)^ ^|?5)£^- JL-&°\]*] ^-sj^lfe- t>^l°H, SH^l #71 f^-S] <gs} (softening) -B 

A 5 %H1 

^71 ?J|olsj g$ ^o]5l # 7 ] ^(conformity)* ^ols| 1^1 »)-ej* <?1 

St 1 * 7. 

4 1 %H1 5a«H-H. 

*M*| 3^-33 4V 7 l ( int erface) «H| tflsfl In ^-fr S^l", Hg f-fr Cd fl-fi- S}^- 5 Zn fl-fr 
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D44 8. 

44 4°lil=- 42l 41H $£44, 

444H LED 44 444 44* 4fe <£44 *j4 44(temporay growth substrate) * 4444 £44, 

4 1 44, 44 Aj4 71 4<| 144 4 2 4* 44 LED 444 4* (lamination)* 44 7} 4 4 of| 4 4 4 ^ 
^444, 44 ^4 7Hto.s 444 44 4413 (growth support surface)* *i*344 47)14, 

#71 H44 44 4434 44 44 7144 444 47>4 444 44*34 i4 4 34£ 44ft- 4fe 

444 714^-S. 444^ 444 £444, 44 444 ^4 444 44 44^ 47] LED 44 47I 4 1442 
4# 4 4 44 47] 443 7144 444 14444 444 «4 444 £44:n, 44 444 44 444 47] 
"343) 7144 47I LED 42] 3444*1 *-&* 44*1*1 44 44 34* 444r- 4* 5L444 44 44£H 
42: 44 

1! 43. 9. 

4 8 44 444, 

47l 444 ^4 xixiig cfl4 44^ 471 led #2] 471 4 1 >34 471 444 7144 444 444 44 47] 4 
a] q 44 44* 47144 4* £444 44 4 6 liS- 4a 44 

^44 10. 

4 8 44 514*1, 

47) 444 44 cj^- ^.4 LED ao) a o v 7 ] 71) 2 44 47I 444 7l44 444 44444 44 4 

7] <y A) *} ^4 7l )7i5>4 514 £44^ 44 44-2-^ 4s 44 

^44 11. 
4 8 44 S144, 

44 LED 4 44 4 2 £1 45=44 443 444 444 444 4444 4* 4 £444, 44 443 44* 4 
£44^ 443-?-£. 4444°4 44 448 444 444 44 LED 44 4^-4444 44 445_r=. 4a 411. 

^44 12. 

4 8 44 5144, 

44 444 44 344444 71144 431 (carrier concentration) 4 47M44 44 44 443 444 47] 4 

44 44 44 f-4 £.4S(dopant) 7>i7i- *h.£* 44 444 4 £444 44- 44.2.E. 42 44 
344 13. 

4 8 44 444, 
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*3(cap) ^-g- (applying) *M tfSH- *\<£X\?]±. #7] LED tflfl #7] cg^^ 7 ]^o] aj- 

7] rg^g. 7]^4 a o > 7 i LED ^ ~ ^o]s_ t}^7\ <g* 7}t}^ #7fl» d| it 

*Kr ^ c>ol 0.0 ^ w^. 
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